Knee osteoarthritis (OA) is a progressive disease in which the cartilage (cushioning between joints) wears away. As the cartilage wears away, it becomes frayed and rough, and the protective space between the bones decreases. This causes rubbing of bones, resulting in pain, swelling, stiffness, decreased ability to move and formation of bone spurs. Osteoarthritis develops slowly and the pain it causes worsens over time. Although there is no cure, there are many treatment options available to help manage pain and keep people staying active. Intra-articular (IA) hyaluronic acid (HA) injection is one of the treatment options. Hyaluronic acid is a polysaccharide, an anionic, non-sulfated glycosaminoglycan and is a naturally occurring substance found in the synovial fluid surrounding joints. It acts as a lubricant to enable bones to move smoothly over each other and as a shock absorber for joint loads. People with knee osteoarthritis have lower concentration and altered volume of hyaluronic acid than normal in their joints. Due to lower concentration and volume, exogenous hyaluronic acid may be injected into the knee joint. Treatment with exogenous hyaluronic acid contributes to restore the elastic and viscous properties of the synovial fluid, pain reduction and functional improvement. It is indicated for patients who have failed to respond adequately to conservative non-pharmacological therapy and simple analgesic.
Introduction
OA is the most common disease of movable joints affecting mainly the knee, hip and hands. It is estimated that 10% -20% of the population worldwide are af-Yangtze Medicine fected-among them 10% of men and 18% of women are above 60 years of age [1] . This multifactorial and heterogeneous disease is mainly characterized by articular cartilage degradation, inflammation of the synovial membrane and sclerosis of subchondral bone associated with the formation of osteophytes [2] . Although there is no cure, there are many treatment options available to help control pain and improve function and patient's quality of life. The treatment includes non-pharmacological interventions such as acupuncture, balneotherapy/Spa therapy, biomechanical interventions, cane (walking stick), crutches, electrotherapy/neuromuscular electrical stimulation, exercise (land-based and water-based), strength training, self-management and education, TENS (Transcutaneous electric nerve stimulation), ultrasound and weight management [2] .
The pharmacological treatment options include acetaminophen (paracetamol), avocado soybean unsaponifiables (ASU), capsaicin, corticosteroids (Intra-articular Injection), chondroitin, diacerein, duloxetine, glucosamine, hyaluronic acid (Intra-articular Injection), non-steroidal anti-inflammatory drugs (Oral Non-selective NSAIDs, Oral COX-2 Inhibitors, topical), opioids (transdermal, oral), risedronate and rosehip [2] . The surgical intervention should be considered only after pharmacological and non-pharmacological treatments have failed [3] .
The most appropriate treatment choice depends on the clinical history, contraindications and how well the patient would be able to tolerate the treatment being considered. Especially in cases where the target patient group is of advanced age and simple treatment methods have not been successful, injections are being preferred more because of the potential side effects of NSAIDs [4] [5]
[6] [7] . Intra-articular hyaluronan has become a widely accepted option in clinical practice by physicians for the treatment of knee pain due to OA.
HA is a key molecule in the joint biomechanics. In OA and other arthropathies, the reduction in concentration and molecular weight of endogenous HA greatly alters the properties of the synovial fluid, causing cartilage damage and worsening OA symptoms [8] . Thus, exogenous HA is injected into the osteoarthritic knee. The exact mechanism of action of injected HA is not well understood. HA agents are generally administered as a weekly injection over a course of 3 -5 weeks, and although they have a slower onset of action relative to steroid treatment, the pain relief obtained generally lasts longer-for up to several months [9] [10] [11] . Besides weekly injection over a course of 3 -5 weeks, the single injection regimen is also in practice. The purpose of this review was to study the safety and recommendation of intra-articular hyaluronic acid injections in the treatment of knee OA.
Mediators Related to OA
Catabolic and anabolic mediators that have been found to play key roles in articular cartilage homeostasis and the development of OA are shown in Table 1 .
Disruption of matrix equilibrium and subsequent cartilage degradation is seen 
Technique for Intra-Articular Knee Injection
A knee joint can be injected in several ways. If there is swelling in the knee joint due to effusion, it is aspirated first. If no marked effusion present, enter the skin approximately 1 cm above the tibial plateau, and directed 15˚ -45˚ from the anterior knee surface vertical midline toward the intra-articular joint space [20] [24] . If the periosteum is met with the needle tip, redirect. Aspirate to rule out vessel puncture. Now we are ready to push the content. While pushing the content if there is flow obstruction, redirect (adjust) the needle tip again. Push the whole content, withdraw the needle and apply band-aid.
In case of knee effusion, aspiration is to be done first. After aspiration, the The injection procedure bears the risks of adverse events so obtaining comparable safety is a reasonable choice which can be done by reducing the injection numbers. There are published literatures which reported on the safety using a single dose of hyaluronic acid [26] [27].
Adverse Events of Intra-Articular Hyaluronic Acid
The most common adverse events encountered are: These symptoms do not last long, resolves within a few days. Ice packs can help ease these symptoms. Nearly all published papers mentioned HA as a natural material which is a constituent of synovial fluid and cartilage matrix in normal knee joints and is safe to use [31] [32] . But eventually, the modification process for HA (manufacturing process) makes it as a foreign body to a certain limit, and that is why the adverse events mainly occur, which after the body system recognizes the molecule, it disappears automatically. To minimize the adverse events several studies have been done regarding hyaluronic acid of different molecular weight, cross-linkage and source (animal or bacterial).
Risk Factors for Knee OA
1) Common Risk Factors for Knee Osteoarthritis 2) Older age 3) Female 4) Inflammatory joint disease (e.g., infection, gout, rheumatoid arthritis) 5) Obesity (strongest modifiable risk factor) 6) Occupation requiring the repetitive knee bending 7) Previous knee injury (e.g., torn meniscus, intra-articular mechanical damage) 8) Genetic predisposition 9) Decreased bone mineral density 10) Muscle weakness
Discussion
There are multiple studies that support the use of HA injection, stating the relief Table 2 ).
The Amelia [29] study results showed that intra-articular injections of HA improved knee OA symptoms for up to 1 year. Yan et al. [10] showed that intra-articular injection of 6-mL hylan G-F 20 was effective in providing statistically significant pain relief and functional improvement up to 1 year in Chinese patients with primary knee OA. Out of 110 knees of 95 patients, 18 (16.4%) knees experienced adverse events, including pain (14 knees), swelling (2 knees), and warmth (2 knees). All of the adverse events were mild and self-limiting. No patients required hospital admission or extra clinic visits for these self-reported events. Bannuru et al. [11] assessed the therapeutic trajectory of HA versus placebo. The conclusion was that HA is efficacious by 4 weeks, reaches its maximal effectiveness at 8 weeks and lasts up to 24 weeks. Święchowicz S. et al. [30] , demonstrated that viscosupplementation using a hyaluronic acid preparation significantly reduced pain in the knee and improved its functioning, regardless of the form of osteoarthritis (primary and secondary knee osteoarthritis). The most common adverse events, articular pain and edema, as well as reddening of the injection site were noted. The therapeutic cycle involving hyaluronic acid injections performed once a week for three consecutive weeks and then after a 12-week gap, occurred to be the most effective after 6 months of therapy. Chareancholvanich et al. [34] concluded that patients who underwent high tibial osteotomy, suffering from primary medial compartment knee OA, intra-articular hyaluronic acid injections may be beneficial for increasing total cartilage volume and preventing the loss of lateral tibiofemoral joint cartilage after HTO (high tibial osteotomy). The intra-articular injection used, Hyalgan ® (20 mg/2ml) of optimal molecular weight (500,000 -730,000 Da). The patients received 2 cycles (at 6-month intervals) of 5 weekly intra-articular hyaluronic acid injections after HTO operation. The authors of Cochrane review 2006 [35] , concluded that viscosupplementation is an effective treatment for knee OA with beneficial effects on pain, function and global assessment, especially at the 5 to 13 week post-injection periods. In a randomized, double-blind, multicenter, placebo-controlled study, Huang et al. [36] showed that five weekly IA-HA administration of sodium hyaluronate (Hyalgan ® , 500 -730 kDa) is safe, well tolerated, can improve joint functions and can provide sustained relief of pain in Asian patients with knee OA. Regarding the safety, adverse effects noted was mild or moderate. None of the noted adverse effects were considered to be related to study treatment. Altman et al. [37] stated that repeated injections of HA are effective, safe and well tolerated.
Maheu et al. [38] found F60027 (medium molecular weight hyaluronan product-F60027, Structovial) and Hylan G-F20 (Synvisc) equally effective in relieving pain in patients with knee degenerative OA. Berenbaum et al. [31] mg/2.5ml) is effective for knee osteoarthritis symptoms over 6 months after a 3-weekly injection course, and may be more effective than the reference low MW Hyalgan (MW 500 -730 kD, 20 mg/2ml) formulation, with similar safety.
Ha et al. [26] reported that both IAHA preparations used in his study were non-animal (bacterial) origin, which might have contributed to the favorable safety profile due to low risk of developing immunological response. In Another study, M. Kirchner and D. Marshall [39] reported that 33.8% of Bio-HA (high molecular weight hyaluronan produced by biological fermentation) patients and 40.4% of CL-HA (avian-derived hyaluronan that uses cross-linking to achieve high molecular weight) patients experienced adverse events. The most commonly reported events were arthralgia, back pain and joint effusion. The incidence of joint effusion was significantly higher in the CL-HA group. The significantly higher incidence of post-injection effusion in the CL-HA group provides a safety advantage for Bio-HA. Altman et al. [40] meta-analysis demonstrates that biological fermentation-derived HA had a significantly smaller incidence of Leighton et al. [27] conducted the study to compare NASHA (non-animal stabilized hyaluronic acid, bacterial synthesis, cross-linked) hyaluronic acid gel as single-injection intra-articular treatment for knee osteoarthritis against methylprednisolone acetate (MPA). This study shows that single injection NASHA (the author used Durolane 60 mg/3ml) was well tolerated and non-inferior to MPA at 12 weeks. Hospital, found that HA shots were least likely to work for patients who were overweight or obese, had more severe arthritis (with more joint space narrowing), were older than 65 years, and/or had HA or corticosteroid shots (another type of joint injection) in the past.
Conclusion
Osteoarthritis is a chronic progressive disease of unknown aetiology causing destruction of cartilage and underlying bone. The most common and disgusting symptom is pain. Although there is no cure for osteoarthritis, many treatment options are available to help manage pain and keep people staying active. By bringing the single dose of hyaluronic acid in practice, most commonly occurring adverse events (pain, swelling, bleeding at injection site, erythema at injection site and pruritus) can be reduced. But regarding its safety and efficacy, more comparative study must be done between different molecular weight, cross-linkage and source (animal or bacterial). The use of intra-articular HA is thought to be safe except for mid-moderate adverse effects which resolve within a few days but regarding its treatment recommendation is controversial. The recommendation regarding the IA-HA treatment is controversial due to inconsistency within the clinical guidelines and the published literatures. Although it is reported to the relief of OA symptoms with viscosupplementation, it has never been shown to reverse the arthritic process. There are no medicines that can reverse or halt the progression of the disease. This pharmaceutical gap must be addressed in order to reduce the burden of OA.
